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Abstract of EP0522296 

An etching system comprises a plasma chamber 
(20), a charge exchange chamber (22) and a 
processing chamber (24), and the charge 
exchange chamber and the processing chamber 
are partitioned with a porous plate (34) provided 
with a number of fine linear microchannel holes 
(34A). Positive ions generated by the plasma 
chamber are accelerated by an accelerating 
electrode (26) in the charge exchange chamber, 
charge-exchanged and introduced as neutral 
particles Into the processing chamber through the 
microchannel holes. Neutral particles are 
vertically entered into an object (S) to be 
processed as neutral particle beams of which 
directions are completely aligned by the 
microchannel holes. Even an object with a large 
area can be etched with high accuracy by making 
the porous plate In a size which meets the object 
Thus, the plasma processing only with neutral 
partides Is carried out with high aocuraqy even 
when the area of the object is large. 
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® Plasma pnooessing system and method. 

® An etching system compnses 8 ptema chamber (20). a charge exchange chamber (22) and a processing 
chwnber (24), and the charge exchange chamber and the processing chamber are partitroned with a porous 
pfate (34) provided with a number of fin© linear microcbannel holes {34A). Positive ions generated by the plasma 
chamber are acceferated by an accelerating electrode (26) in the cha^ge exch^ge chsumber, charge-exchanged 
and Introduced as n^tral particles Into the processing chamber through the microchanne! holes. Neutral 
particles are verticaSy entered into an ob^ct (S) to be processed as neutral particle beams of which direcSons 
are completely aJigned by the microchannef holes. Even an object with a large area can be etched with high 
accuracy by making the porous plate in a size which meets the object Thus, the plasma processing only wi^ 
neutral partkdes rs carried cmt with ftigh acoiracy even when the area of the obfect Is large. 
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Tlie present invention relates to a plasma processing system and method, particularly, a pJasma 
processing system and method appropriately suitafc)le to api^icatlcms such as etchRig aid lilm formation on 
a surface of an oE)iect to be processed by (n'adiating a neutrai pertlcle beemri, vvhich ctnuprises only 
electrically neutral particle (atoms and molecules), onto Ifie surface of the object to be processed 

5 One of plasma processing systems which use the pl^ma is a so-calfed dry etching system. This dry 
etching system has generally employed an etching method according to which a reactive gas is pias- 
maHzed by high frequency glow discharge (RF discharge) to produce ions and chemrcally active neutra] 
species and ^ese ions and neutrai chemical species are tran6|K)rled to a suiface of an object to be 
processed and reacted tftereon. thereby the etc^ng is oanled CHit. 

10 In tiie above described etching method, an object to be processed of which surface is covered witi an 
etching mask is set on a high frequency electrode and an action rn an Incident direction rs accelerated by 
accelerating the positive ion in a direction vertical to the surface of the object to be processed with a 
negative bias potentrai induced on ^ surface of tiie object to be processed to enter Into the object to be 
prooeseedr thereby it Is kitended to attain high pfectsion processing with high anisotropy faithful to tfie 

IB above etching mask. 

In the above etching method, however, an isotropic etching with an undirectionaf radical (neutral 
chemical species) Is simuftaneousiy carried out since the above radical Is electricaliy neutral Therefore, a 
side etching also proceeds and it is difficult to attain a complete anisotropic form; for example, this side 
etching is a large problem in a ^ne work on semiconductors in terms of submicron. 
20 To solve this side aiding problem^ there have beai proposed a method for forming a protective film 
which prevents reacttons on a side wall of a part to be processed (e^hed paxt), a method for controll^ e 
radical reaction on the side wall by lowering the temperature of an dDject to be processed or an etching 
method by producing a plasma with a higher ion density, a low pressure and a low radical density. 

These meSiods to solve the side etching problem use positive charged ions which are aligned in the 
55 direction. Therefore, the dln^on of movement of the ions depends on the associated electric field, 
the fcrikywing probl^s are expected in a f^ paRem efch^ In temns of submicron. 

Fig. 14 shows a part near the surface of an object 10 being etched and the surface of the object 10 to 
be processed is covered with the etching mask 12. 

When ^e etching is proceeded as shown in Figure 14^ the incident direction of ion I is bent due to a 
$0 dis^rbance (unevenness) of electric field E (shown witii broken lines) along the surface of the object 10 to 
be processed and die ion 1 strikes against the side to cause side etching. Therefore, an expected 
ai^'sotropy cannot be obt^ned and the etching accuracy detedorates. 

Further, at the etching parts 14, 16 and 18, the Ion fiux wfdch reaches the bottom, for example, 14A, 
reduces and therefore the so-<:a1led micro loading effet (or RIE lag) is caused In which the etching speed on 
35 aie etching parts (16 and 18 in the drawing) with fine patterns is slower Uian that on the etching part 14 with 
a wide pattern. 

Furthermore, the ion has a large secondary electron emission coefficient and therefore, when the Ion I 
strikes against the object 10 to be processed, the secondary electron amission takes place on the surface 
of the object 10 and Uie etching accuracy deteriorates, 
40 In additionr when the ton Is incident onto the surface of the object to be processed, a charge-up occurs 
on the insulation film since the Ion has an electric charge, and a dielectric breakdown may be caused due 
to 6ie charge-up to deteriorate the film quality and therefore there remains also a pnMen\ of reliability 
defedoradon. 

Accordingly, it is preferable for ensuring a favorable anisotropy, controt of the micro loading effect and 
46 improvement of the reliability to can^y out the etching with a neutral pstfticle beam composed of active 
species which are electrically neutral with aligned directions and small secondary electron coef^cients. 

As a method for implementing a neutral parttele beam which meets the above described object have 
been known a method disctosed in the Japanese Patent L^kl 0pm No. Sho. 62-37382 and She 02-174917 
which, for example, uses electron attachment for obtaining a neutral parttele beam by nffiitrallzing the Ion 
so beam through the electron supply source (neufrs^izer) such as a filament and a method disclosed in the 
Japanese Patent Laid Open No, Sho, 81-248428, Sho, 62-174917 and Sho, 62-259443 which use a charge 
exchange reaction for obtaining a neutral particle beam composed of the radical and others by charge 
exchange of the same type of Ion and radical. 

However, the above method utilizing electron attachment cannot provide a sufficient beam flux since the 
66 IMiobability of electron attachment is low and it is difficult to efficiency neutraNze the ion beemn. Therefture a 
method capable of eliminating such demerit uses a saddle field type Ion source to allow improvement of the 
neutralizing efliclency to 90 % or over by appropriately setting the conditions. (Vacuum, 38(6), 469 (1988)» 
eta) 
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In case of ffie metficKl using the above described charge exchange reaction, the neutralizing efficiency 
is tow sifK» the possibiilty of charge exchange reecSon by incident ions is only once pet ion. Therefore the 
Japanese Patent Laid Open No. She. 63-318058 dtecloses an art capabie of r^smg the neutralizing 
efficiency by using an efement ^idi as Ne (neon) wi^ch is light but has a large cross sec^on for charge 
s exchange (ion neutralizing prob^ility}. 

However, tiiose meaiods for obtaining a high speed neutral partfcie beam by the above described 
charge exchange of ions and for obtaining a neutral p^cle beam by neutralization with electrons cannot 
produce a neulreJ particle beam wi^ aligned directions (high cyrectionayty) in a wide area and therefore 
these methods accompany a problem that f^gh accuracy process^ such as etching cannot be achieved 
70 on an object with a large area. 

In case of the ma^od for obtaining a neutral particle beam by charge exchange of ions as described 
above, there Is a problem that the coillsion frequency of rons in the charge exchange chamber is low since 
the charge exchange chamber v^ere electric charges of ions are exchanged and the processing channber 
vdiere the ob{^ is processed with a neutr^ particle bem are Ic^ in a sidsstantialiy same tow pressure 
76 condition of, for example, 10"^ Torr and therefore a sufficient charge exchange efficiency {the number of 
neutral particles produced to the number of ions introduced) csmnot be obtained and the processing speed 
for the object to be processed is also low. 

Further, a necessity for improving tiie charge exchange efficiency to increase the processing speed on 
an object to be processed encounters with a problem that the ^parafus v\rilt be InevHaibty large In size 
20 because a diffident ion Hying distance should t^ ensured 

The method u^ng the above described saddle field type Ion source has a pmblem that the energy and 
fJux of the neutral particle beam produced cannot be independently confrolled, the energy of tiie beam 
obtained is relatively high (approximately 1k eV or over) and the wid^ of energy distribution is \arge. 

The ait disclosed in the above Japanese Patent L^id Open No. She. 63-318058 is disadvantageous fn 
25 that the etci^ng speed in the etdiing with a light etem^ such as fsie is several times less than that in case 
of the etcNng with a heavier elem^ such as Ar or Kr i^nce the elching yl^d in the former case is small 
and consequently an Increase of neutralizing effldency is offset aid fhe types of usable eimiKifs are 
limited. 

The current art utilizing charge exchange reaction has a problem that the etching speed is low ^nce the 
30 flux of neutral particle beam pnxluced is small If it is attempted to raise the etching speed to a practically 
avallat^e level to solve fills problem, tlie energy of neutral particles Is required fo be approiximately several 
hundreds of eV and an opposite effect against the general tendency to less energy. Accordin^y, an 
important point fo raise the etching speed to a practical level by a neutral pariicie beam generating method 
which utilizes charge exch^ge reaction is how to gen^ate a low energy neutral particle beam as much as 
35 possible and Increase the neutral particle t>eam flux. 

The method utilizing the above charge exchange reaction is disadvantageous In Uiat neu^aJ particles as 
described above are less reactive when they are entered into Uie object to be processed and therefore a 
sufficient etching speed (depositing speed in case of film formation) cannot be obtained since neutral 
p^cles are only given translation energy. 
40 The first subject of ^e present invention made to solve the atx)ve described conventional problems Is 
to provide a plasma processing system capable of Implementing high precision plasma pNTOcessing even on 
an object with a large area to be processed. 

The second subject of the present invention is to provide a plasma processing system capabie of 
raising the charge exchange efficiency despite that ^e flying distance of ions is short and therefore an 
45 object can be processed with a neutral parti'cie beam at a sufficientJy high speed despite of a small size. 

The ^ird subject of the present invention is to provide a plasma processing system capable of 
generating a high density and high speed neutral particle beam at a high neutralizing efficiency without any 
limitation which depends on the t^ of usable material gas. 

The fourth subject of the pres^ invention is to Increase the neu^ai particEe beam ftux bf improving the 
60 efficiency of I3ne ch&rge exchange reaction in neutraflzing ions extracted Irom the ion source. 

The fifth subject of the present invention is to further pro^nde a plasma processing system capaiiHe of 
generating a highly reactive neutral particle beam. 

The present invention provkSes a plasma processing system which comprises a plasma chamber having 
K^asma generaUng means, a charge exchange di^^nber for neutralizing ions g^ierated in the plaafna 
66 chamber and a processaig chamtser for processing an ot^ect to tie processed by irradiating neutral particles 
which are neutralized in the charge exchange chamber, wherein fiie charge exchange chamber and the 
processing chamber are partitioned with porous plates which have a number of linear microchannel holes to 
penmlt fine particles to pass through item the charge exchange chamber into the processing chamber. 
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thereby achieving the above described first object* 

The present ^ivenUon ^so imvldes a plasma processing system which comprises a plasma chamf>er 
having plasma genwating means, a chaige exchange chamber for neutralizing Ions g^ieraled in the plasma 
dhamb^ and a rrocessrng chamber for processing an object to be processed by inadiating neutral particles 
5 which are neutralized in the charge exchange chamber, wherein ttie charge exchange chamber is provrded 
with pressure adjusting means for producing a higher pressure in the charge exchange chamber than in the 
prooessbfig chamber, thereby achieving the above described second object 

The present invention afso provides a plasma processing sy^m which comprises an ion source, a 
charge exchange chamber for neutralizing Ions exfraded by Sie ion extracfron eiecfrode from the ion souiX:e 
10 and a processing chamber for processing an object to be processed by entering incident neutral particles 
generated In the charge exchange chamber, wherein ^e charge exchange chamber is provided with means 
for GontrolKng the velocity of ions, thereby achieving the above described third object- 

The present invention also provides a piasma processing system which comprises an ion source^ a 
charge exchange zone for neutralizing Ions extracted from the ion soiree and a processing chamber for 
T5 processing an object to be processed by entering incident neutral parScles generated at the charge 
exchange zone, wherein the ion source and the charge exchange zone are respectively provided with gas 
supplying parts from which a material gas and a charge exchange gas can be independently supplied to the 
ion source and the charge exchange zone, thereby achieving the above described fourth object. 

The present invention also provides a plasma processing system which comprises an Ion source, a 
20 charge exchange chamber for neutralizing ions extracted Uom the ion soiiSPce and a processing chamber fOT 
proofing an object to be processed by entering incident neutral particles generated at the charge 
exchange chamberr wherein the charge exchange chamber is provided with means for exciting nartr^ 
particles generated, thereby EK:hieving the above described fifth object. 

The present Invention also provides a plasma processing method whidh uHlrzes the plasma processing 
25 system, which comprises an ion source, a charge exchange zone for neutrafizing the \ons exIbtBCtod from 
the ion source and a processing diaiYber for processing an object to K>e processed with Incident neutral 
particles generated from the charge exchsmge zone, wherein the ion source and the charge exchange zone 
are respectively provrded with the gas supplying parts, the plasma processing system rs capable of 
independently supplying the material gas and the charge exchange gas to the Ion source and the charge 
30 exchange zone, wherein a gas with a larger ionization potential than the charge exchange gas to be 
supplied to the charge exch^e zone as the material gas Is supplied to the Ion source, thereby similarly 
achieving the above described fowth object. 

The present inv^ttfon aiso pitMdes the above described plasma processing system in which the 
charge exchange chamber and flie processing chamber are partitioned with porous plates which are 
3B provided with a number of fine linear through holes, thereby further certainly achieving the above described 
objects. 

The present Invention also provided the above described pla^na processing sysi^ in which the 
eiecfrode Is formed ait least at one side of the above described porous pfate for partitioning the charge 
exchange chamlaer and the processing chamber. 
40 The present invention also provides the above described plasma processing system which is provided 
with a radical supply source in the processing chamber. 

The present invention also provides the above described plasma processing system In which the ion 
extraction electrode is formed with a multilayer plate which Is made In a double construction ^th a 
dielectric and a mefal provided with an opening for extraction of Ions. 
45 The present inven^on also provides the above described plasma processing system In which a 
neutre^lzer for neutralizing space charge is provided. 

Tlie present invention aiso provides the above described plasma processing system in which an 
apparatus for controlling the temperature of an object to be processed is provided. 

Tbe present Invention also r»rovldes the above described plasma processing system In whk:h the 
so processing chamber are arranged at both sides of ifie diarge exchange chamber. 

The present invention also provides exciting means for exciting the charge exchange gas at the gas 
supply part provided in the charge exchange zone. 

in tie present invention, the charge exchange chamber and the processing chamber Is partitioned with 
a porous plate provided wi6i a number of linear microchannel holes Uirough which fine partides sudi as 
56 neutral paalides can pass and of which cfirections are aligned and therefore the ions introduced from the 
plasma chamber are charge-exchanged in the charge exchange chamber and neutral particies such as 
radicals generated can be introduced into the processing chamber through the above described microchan- 
nel holes. Thus, a neutral parUcfe beam with an extrm^y high directionaBty cm be generated over the 
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whole area where microchannel holes are formed in the processing chamber. Accordingly, high precision 
F^aema processing can be canled out even for an object to be pmcessed with a i^ge area by making a 
porous plate In a size m accordance with l^e area of the object to be processed. 

The present invention also allows the pressure Pa of the charge exchange chamber 22 to be higher 

5 than the pressure Pb of the processing chamber 24 (Pa > Pb) as later shown in Fig, 1 and therefore the 
pressure Pa In tiie charge exchange chamber can be higher than ever. Accordingly, the collision frequency 
of ions, wNch ffy In the charge exchange chamber, with neutral particles such as the radicals can be 
subsfantlalJy Increased ssid the charge exchange ef^ciency of ions can be vastly Inr^sroved. 

Consequently, even if the flying distance of Ions, that Is, the length of the charge ^cchange chamber in 

10 the direction where the ions fly is reduced, the charge exchange e^ciency of ions can be improved befier 
then ever and the plasma processing system can be made compact. 

Since ^e pressure of the processing chamber 24 can be low even though the pressure of the charge 
exchange chamber 22 is to be hig^. the neutr^ particles can be Irradiated onto the object to be processed 
without caushig scatteraig due to coHlsion of particles and stabilization by which the radicals such as atoms 

IS or the lilce become molecules and highly reliable precision etching is enabled. 

In the present invention, the charge exchange chamber In which charge exchange reaction Is carded 
out is provided with ion velocity control means for controlling the velocity of ions to allow to accelerate even 
the ions, which do not have a translation energy produced by the charge exchange reaction, by an electiic 
field and also alk3w aga^ the charge exchange reaction. Tl^s reaction is repeated a plurality of times In 

20 acconilance with the size and pressiHie of the charge exchange chamber and the acceleration energy of ions 
and therefore the neufraiizatlon efNciency csn be substanffaliy improved and c(»isequen% a high speed 
neutral particle beam can be ef^cienUy generated. 

The charge exchange chamber and also the plasma processing system itself can be made compact 
owing to improvement of the neutralization efficiency. 

26 The following describes the principle for achieving the atx>ve fourth subject by providing the gas supply 
pans respectively at the ion source and the charge exchange zone so that malerial gas and charge 
exchange gas from these gas supply parts cm be indep^entiy supplied to the Ion source and the charge 
exchange zone. 

Assuming that a micro space having a unit sectional area end length dl is filled with gas of pressure P 
30 and an Ion flux of density N and velocity u passes through this space, the continuity equation regarding the 
ions can be ex|»ressed as the equatlcm (1) given bekw; 

d(Nu)/dl - -n (1) 

35 R of the right side of the above equation (1) denotes the density reducing speed of Ions which have 
disappeared through tiie charge exchange reaction* that is, the charge exchange reaction speed, which is 
proportioned to the Ion flux, gas pressure P and the cross section S for charge exchange. This charge 
exchange reaction speed cm be expressed as the equaUon (2). In this case, Ic is a proportional constant. 

40 R » k £ Nu P (2) 

It the flux is defined as F = Nu, the Ion fkix F which has passed through Uie diarge exchange zone 
(charge exdiange chamber) of length 1 can be e)qpressed as the equation (3) according to the equations (1) 
(2). in this case, Fo denotes the initial ion flux. 

45 

F « Fq exp {-It fi Pi) {3) 

From the above equation (3), It is imown that the ion flux decreases simidtaneously with iength I of the 
change exchange 2»ne and. an turn, the high speed neutral particle flux (Fo - F) increases simultaneously 
50 with iength I of the charge exchange zone, If the charge exchange efficiency n Is denned as a ratio of Ions 
v^rch are converted to high speed neutral particles at the charge exchange zone, n is expressed as the 
equation (4), 

, s |-exp(-k£Pi) <4) 

ss 

From the equation (4), it Is known that the cross section for charge exchange, pressure and the length for 
charge exchange should be increased to improve the charge exchange efficiency. 

Conventionally, it has been reported that the charge exchange reaction has the largest cross section in 
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case of resonant charge exchange reaction with the same type of Ion and atom such as Ar^ and Ar. 
However, the resufts of studies through vartous experiments conducted loy the inventors of ttie present 
invention and others found out that, if a combination of tons and neutral particles is appropriately selected 
and the ions and neutral particles are separately supplied to the Ion source and the charge exchange zone, 

5 the cross section of this case is larger than that of resonant charge exchange. Particularly, ft is found out 
that, If tie ionrzatfon potential of gas to be supplied to the ion source is larger than that of gas to be 
applied to the diarge exchange zone, the charge exchange cross section will be extremely large. 

For example. Table 1 ^lown later Indicates the charge exchange cross sections, which are obtained by 
measurffig the ch^e exchange reaction efficiency as to gases such as Ar,^F2, Ck, Br2 s»rid Xe, as relative 

10 values in reference to the values in case of charge exchange reaction of Ar* and Ar which are defined as 1. 
From the results shown in Table 1 Jt rs understood that the gas of atoms end ions having lager radii has a 
larger cross section of reaction s^ the charge exchange cross section In case of Ar* and Ar is larger tiian 
In case of Xe* and Xb* 

Further, Ar of a targe Ionization potential has a larger reaction cross section for ai^ neutral particle than 
16 0]* despite that CI* and Ar^ have the almost same ion radii. In addi^on, in a comfoination of Ar* ion and 
other gas, a large reaction cross section is obtained in the order of Fa (Ar)<Cl2<Br2 (Ar and Fa ^e 
substantially equal) owing to a s^rgistic effect of the dfl^erence of ionization potentials and the s^zes of 
neutral particles. 

When the gas excited by a microwave (exciting means) was supplied to the charge exchange zone, the 

20 charge exchange efficiency In case of any Iqnd of gas was improved better than In the case that the gas 
was not excited i>y the microwave. For exam^e, in the charge exchange reaction witii the same type of 
gases such as Ar* and Ar, the result that the charge exchange efficiency would be improved was olxtalned 
by supplying Ar to the charge exchange zone after exclSng It by a microwave or the like. It is understood 
that this fs because the ionization potential of excited molecule is smaller than a stable molecule. 

25 This phencmienon coincides with the above described results of experiments tiiat the charge eixchange 
^iciency win be more Imi^'oved as the ionlzaSon potential of gas to be stq^plied to the Ion source Is larger 
th^ that of gas to fcje supplied to the charge exchange zone. In addition, this phenomenon is observed 
regardless of the types of gases to be supplied to the Ion source and the charge exchange zone and 
therefore similarly observed even in the case that the materia! gas to be supplied to the ion source and the 

30 charge exchange gas to be supplied to the charge exchange zone are of the same type. 

The present invention made according to the above described l<nowledge ^lows to select apfMroprlate 
material gas and charge exx^hange gas from various gases indudtng the types of gases listed in the atmve 
Table 1 by providing the gas supply parts respectively at the ion source and tine charge exchange zone to 
permit Independent supplying of the material gas and the ch^ge exchange gas from these gas supply parts 

3S to the ron source and the charge exchange zone and also allows to improve the charge exchange reacHon 
efficiency by selecting an appropriate combination of these materfal gas and charge exchange gas. 

in ^is case, the dh^ge exchange reaction efficiency can be further improved by u^ng a gas with a 
higher ionization potential than the charge exchange gas to be supplied to the charge exchange zone as the 
material gas to be supplied to the ion source. 

40 In addition, in the present Invention, the charge exchange el^ciency can be further Improved and a 
higher den^ty n^al parflcte beam flux can be generated by providng an excitmg means for excitkig the 
charge exchange gas at the gas supply part provided at the chaige exchange zone. 

According to the present invention, a neutral partlde exciting means for exciting neutral particles Is 
provided In ^e charge exchange chamfc^er where neutral particles are generated by the charge exchange 

45 reaction and tiierefore neutral particles^ which only have the translation energy produced from the charge 
exchange reaction, can be excited to make Uie internal energy kept at a high level. Accordingly, the energy 
can be efficiently applied to the object to be processed and the reaction can be subsf^tialty promoted by 
entering ^ neutral particles with such high intemal energy into the object to be prooessed. 

If the charge exchange chamber and the processing chamber are partitioned wi3i a porous plate having 

so Inear fine through holes, neuti^l particle generated in the charge exchange chamber can be Introduced into 
the processing chamber tiirough the above described through iKSies and therefore a high ^eed neutral 
particle beam with better aligned directions can be generated. 

In this case, the pressure of the charge exchange chamber can be higher than that In the processing 
chamber and therefore the charge exchange efficiency can be further improved and the neutraliza&on 

ss effidency can be ^her raised* 

In addition. In this case, the pressure of the processing chamber can be low even though the pressure 
of the charge exchange chamber Is kept at a high level and therefore neutral particles can be irradiated 
onto the object to be prooessed and highly reSat^e prectsiwi etching etc. can be carried out without causing 
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colliston and scattering of particles and ^bHizaiicHi in which the radicals of atoms are transfomied to 
m(^ule® In the proces^ng chamber. 

If efectrodes are provided on one or both sides of the ^bcm described porous ptafte, these eiectrades 
can be used as an electrode which forms an ion velocity contoT means and an ton repellent electrode and 
6 therefore the plasma processing system can be more compact, 

if a radlcai supply source for supplying radicals is provided in the processing chamber, the object to be 
proc^eed can be processed, for example, etched while the radicals are beErtg absorbed by the object to be 
processed and the processing rate can be greatly rais^ accordir^ly. 

If an appsralus for controlling the temperature cyf the obfecl to be ipNwessed is pnsvided, the object to 
w be processed can be controlled to an api;»'oprjate temperature and th^f^ore high precision proces^ng can 
be performed. 

\f an ion extraction electrode is made as a muHllayer plate which Is provided with an opening for 
extracting ions and comprises a drelec&ic and a me^ In a double construction, the serwce Ufe of the ion 
extraction electrode can iDe further more extended by arranging the dielectilc at the ion source ^de. 
ie If a neutralizer for neutrafrzlng space charge is provided » the ion extraction efficiency can be raised and 
divergence of the Ion beam can be prevented by providing the neutralizer near the position where ions are 
extracted. 

If two processing ch^bers are arranged respectively at both sides of the charge exchange chamber, 
the process^ can be carried out m tfie both {nrocessing chambers at the same ^me and therefcxre the 
20 processing efficiency can be reieed. 

The present invention allows high precision plasma processing only wtth neutral particles even on an 
<^Ject with a large area. 

The present Invention also allows to construct the plasma processing system for processing an object 
to be processed with a neutral particle beam as a compact system since the charge exchange efficiency 

35 can be raised even fiiough the ion ftying distance in the charge exchange chamt)er is reduced. 

The present invent^cHi also allows to cause again the charge exdiange reaction ions since even Ions 
which do not have the translation energy produced by the charge exchange reaction In the charge 
exchange chamber can be accelerated and generate a high speed neutral partlcie beam at a high 
neute-alization efficiency wtthout limitation due to the type of material gas. Since the charge exchange 
30 ef^ciency can be improved even if the ion flying distance in the charge exchange chamber is reduced, the 
charge exctiange chamb^ can be made more compact and further the plasma iMrocessing i^rstem can be 
made compact The apparent neutralizatlcun efficiency can be 100 % or over. 

The plasma processing speed for the object can k>e substantially improved by providing the radical 
supply source in the processing chamber. 

36 The present invention also allows to generate a high density and high speed neutral parade beam since 
the charge exchange efficiency can be raised by expanding the cross section for charge exdunge in 
neutralizing ions extracted from the \m source and therefore vastly raise the plasma processing speed 
Consequently, the etching capable of ensuring low damage, high anisotropy, high selectivity and high 
dimensional controlfabilrty is allowed using the neutral particle i>eam» thus enat^lng to marKifactura 

40 semiconductor devices in ternis of deep submlcron. 

The present inv^tion also allows to increase the internal energy of neutral particles since neutral 
particles whlc^ have only translation energy produced from the charge exchange reaction in the charge 
exdwige chamber can be excited ax^ effiderttly supply the energy to the object to t>e processed by 
irradiating such neutral pariicies to the object, thus greatiy promoting reactions. Accordingly, the etciyng 
45 rate and the film growing rale can be largely raised. 

The atxDve and other objects* features and advantages of the present invention will be more apparent 
from the following description talcen in connection with the accompanying drawings, In which: 

Fig. 1 is a rough ccmf^uration diagram conceptually showing the etching sy^em plasma processing 
syst^} of the first embodiment accoixling to the present invention; 
so Rg. 2 is a partial perspective view showing magnified part of the principal component of the above 
etching system; 

Fig. 3 Is a rought sectional view showing a semi actual configuration of the above etching system; 
Rg. 4 is a rough configura^on diagfram ^lowlr^ the plasma processing system of the third embodim^ 
according to the present Inventon; 
SB Fig. 5 is respectively a magnified p^lal sectiona! view showing the piincipal part of the plasma 
processing system and a rough perspective view showing the ion extracting electrode off the fourth 
embodiment according to the present invention, 

Rg. 6 is a magnified partial sec^onal view showing the piincipaf part of the plasma proc^slng system of 
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the fifth ^bodlment acoording to the present mv^ion; 

i=lg. 7 Is a magniHed partial sectional view showkig the 22rndpal part of the plasma processing system of 
the sixth embodiment according to the present inventloni 

Fig, d Is a rough configura^on diagram showing the plasma processing system of the seventh 
5 embodiment according to the present invention; 

f=^g. 9 is a roug^ confEguraEion diagram showing the plasma processing system of the eighth emiaodtment 
according to the present Invention; 

Rg. 10 Is a rough configuration diagram showing the plasma processing system of the i^nth embodrment 
according to the present invention; 
iQ Rg. 1 1 Is a rough configuration diagram showing the plasma processing systm of the ten^ enrOsodimenl 
according to the present invention; 

Rg, 12 is a rough configuration diagram showing the plasma processing system of the elevenfii 
mbodim^ according to the pres^ invention; 

Rg. 13 te a rough front view lowing the plasma processing system of Uie twelfth embodment 
76 accxjrding to Uie present invention; £Hid 

Rg. 14 Is a rough illustration showing the conventional problems. 

The (H'eferred embodiments of the present invention are described below In detail, refening to the 
accompanying drawings. 

Rg, 1 is a rou^^ construction diagram conceptu^ly showing an elchir^ systm (plasma pnx^essing 
20 system) of the first embodiment according to the present invention. 

The etching system of this embodiment rs provided with a plasma chamber (ion source} 20 having 
plasma generating means (not shown), a charge exchange chamber 22 for generating neutral particles such 
as radicals and so on by neutralizing positive Ions generated in the plasma chamber 20 through charge 
Gxdwtge, and a prooe^lng chamber 24 for etchafig (plasma processing) an object S to be processed with 

29 neutral particles generated from charge exchange reaction. 

The above described pfasma chamber 20 is provided with a gas supply port 20A for supplying gas as 
plasma material. 

An ion extracting electrode (grid electrode) 25 made of graphite for extracting ions from the plasma 
diamber 20 to the charge exchange dumber 22 is disposed between the plasma chamber 20 and the 

30 diarge exchange chamber 22. 

The ohaige exchange chamber 22 is provided wth a gas supply port 22A fot supplying charge 
exchange gas and an mesh type accelerating electrode 28, which is opposed to the ton extracting electrode 
25» for accelerating positive ions extracted from the plasma ch^ber 20. The ion extracting electrode 25 
and ^e accelerating electrode 28 are respectively connected to ^e Ion accelerating power supplies 28A 
35 arKi 28B for £^^ylng an optional voltage across both electrodes in a direction where the Ions are 
accelerated. 

The charge exchange chamber 22 is provided with a mesh type Ion repellent eiec^ode 30 in parallel 
with the accelerating elecfrode 26 to allow to return the ions which have passed through the accelerating 
electrode 28 in a reverse direction. In the drawing, 32 denotes a variable power ^ply for applying a 

40 desired voltage to the ion removing electrode 30. 

A ponjus plate ( hereafter also referred to as the "mrcrochannel plate") 34 is pro\rided between the 
charge exchange chamber 22 and the processing diamtier 24 to panitlon these chmbers and the 
microchannel plate 34 allows neutral particles generated by the charge exchange chamber 22 so that 
neutral particles may be supplied to the processing chamber 24, In other words, the microchannel plate 34 

45 Is provided wiUi a number of linear microchannel holes (fine through holes) 34A each of which extends In 
the direction of thickness as shown in an exploded partial magnified view of Rg. 2 and neutral particles 
sudi as radicals can pass through these microctmnnef holes 34A from the ch^ge exchange diamber 22 to 
the proces^ng chamtter 24. 

The microchannel plate 34 can be formed with a shower nozz\B type thin quartz which comprises an 

50 assemblage of hollow glass fibers each having a hole of, for example, approximately a few micron meters to 
100 w.m in diameter and its thickness i can be several hundreds of um to a few millimeters. 

The processing chamber 24 is constructed to fix the object S to be processed with a holder which has 
a temperature oontnTi unit to therefore allow to control the object S to be processed at a spedlied 
tenHseraturs at all times. 1Tils Is described referring to Rg. 3. 

€6 Rg. 3 rs a rou^ sectional view showing a substantially actual system which fs lengthwisely placed. The 
plasma chamber 20 Is provided wi^ a waveguide 208 for introducing a wave of, for example, 2.45 GHz 
and magnets 50 tor ERC are arranged around the plasma chamber 20. Magnets 50 for ERG are also 
disposed around the charge exdiange chamber {charge exchange zone) 22 and control magnets 52 are 



8 



EP0522 296A2 



di^sed abound the charge exchange chamber (ch^-ge exchange zone). In die processmg chamber 24, a 
board holder 54 for eupportmg and fixing the object S to be processed is installed and connected to the 
fharmosiatic unrt 56 by wNch the object S to be processed can be ccHitrolied, as required, to, fbr example, 
-100 *Cto80 *C. 

5 The following describes the operation of tJis embodimem. 

A reactive gas such as ctorine (Cb) is supplied as pPasma material from the gas supply port 2GA to the 
plasma chamber 20 to set the plasma chamber to a condition which aitows generation of the plasma In the 
plasma chamber 20, a specified voltage to accelerate positive Ions in the direction of the processing 
chamber 24 is appSed between two electrodes 25 aid 26 by adjusting the power supplies 28A and 28B, 

fo and a potential which enables to push back Incident positive ions Into the mrcrochannel plate 34 is applied 
from the power supply 32 to the ion repellent electrode 30. Under this condl^on, the plasma is generated in 
the piasma chamber 20. 

If the plasma Is generated under a p»^sure of e^proxknat^y 10^^ Ton^ in the case thai clorine gas is 
used as plasma mefterlaa, neutral radices suc^ as 01 chlorine iCHi and chioroie atom (CI'} are generally 

75 produced in the plasma. In this plasma, the densities a stable molecule (Cb), Ions and neutral radicals 
depend on tiie discharging system and the pressure of Sie plasma chamber 20 while. In RF discharge, the 
ratio of neutral radicals/ions is approximately 10^ and abundant neutral radicals are contained. 

In the plasma generated under the above described condition, the original densities of dilorlne 
molecule, neutral radicals and ions have been observed to be approximat^y 3x1 0^^pcs/cm^» 5 x 

20 lO^^catema. 1 x lO^opca/cm^. 

In this embodiment, positive Ions In the plasma, which are extracted in the arrow direction by the ion 
extracUng elecbfcde 25, are accelerated by the accelerating electrode 26 In the charge exchange chamber 
22 and move in the direction toward the processing chamber 24. During this movement charge exchange Is 
canried out and the ions are electrically neutralized and therefore high speed neutral particles of which 

26 directions are aligned are obtained. 

In this case, ions whidi do not have translation energy are generated by the charge exchange reaction 
in the charge exchange chamber 22, The charge exchange can be carried out ag^n by accelerating even 
such ions by the accelerating electrode 26 to efficiently obtain neutral parades and therefore the 
neutralizing efficiency can be greatly improved. 

30 Neutral particles generated in the charge exchange chamber 22 nrusve in the direction of the microch^ 
nel plate 34 under the condition that they are kept to have high speed and substantially aligned dfaBCticms 
and pass through the microchannel holes 34A. In this case, the eT^enslon directions of microchannei holes 
34A are precisely aSgned and therefore the directions of neutral particles are ^rfher aligned by the 
microchannei holes 34A, Consequently, neutral particles are introduced into the processing chamber 24 as 

35 neuti^al particle beams of which directions are completely aligned (directionality is extremely high). 

On the other hand, though neutral particles (such as radicals) in the plasma» which are electrically 
neutral, will not be acceleralad by the both eiectrodes 25 and 26. they move in the <^rge exchange 
diamber 22, pass tirough the microchannei holes 34A as the neutral particles generated by charge 
exchange and are introduced into the processing chamber 24 as being aligned In the direction. 

4Q As described above, In this embodiment the neu^l particles in the plasma as well as positive ions can 
be introduced through the microchannei tioles 34A after charge exchange and a number of neutral particles 
can therefore be entered into the processing chamtier 24 as the neutr^ beams with extremely high 
directionafity. Accordingly, tiie processing speed can be Improved ^stanttally. 

The microchannei holes 34A are arranged vertically to tiie microchannei plate 34 and therefore the 

45 neutral particle beams of high directionality can be irradiated to be vertical to the surface of the object S to 
be processed over the area where the microchannei holes 34A are formed by arranging the object S to be 
in parallel to the microchannei plate 34. For this reason, the etching only with neutral parUcies can be 
canted out with high acoiracy cm the whole surface of the object S. 

The charge exchange chambo- 22 wrfilch is provided with the fon repellent electrode 30, is able to 

so certainly prevent the ions from being introduced Into the processing chamber 24 and consequently the 
object S can tie etched only with complete neutral particles. 

In tils embodiment, as In the second embodiment described In detail tn the following, the pressure Pa 
of the ch^ge exchange chamber 22 can be larger than the pressure Pb of the proces^ng chamber 24 and 
therefore the frequency of coilision of ions wi^ neu&al particles such as radicals in the charge exchange 

53 chamtser 22 can be increased and the charge exchange efficiency of Icms can also be raised. Consequently^ 
this embodiment Is advantageous in that high precision etching only wl^ neutral particles can be done ev^ 
though the length of the charge exchange chamber 22 is short or the etching system is small-sized. 

In addition, even v^n the pres^re of the charge exchange dwnber 22 is set to be high to naise the 
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charge exchange efficiency as described above* the pressure of the jiHnocessing chamber 24 can be lower 
tii^ m the charge e^cchange chamber 22 and scaHering of f me partide flowing rnto the processing chamber 
24 through mfcrochannel plate 34 by collsion with partides such as gas in the processing chmher 24 
can be prevented. 

5 For example, if the pressure of the processing chamber 24 is set at 10"^ Torr, the mean free path of 
gas under this condition is approximalely 10 cm. ]f the elegance between the mrcrochannel plate 34 and 
the ob^ S to be processed Is set to approximate 1 cm, almost ail neutral parErdes which have passed 
the mio'ocharviel holes 34A are not scattered and therefore the neutral psaHcles can be made Incident to 
the surface of the object S as the n^itral particle beams which are aligned In the direction. 

w According to this embodiment, as described above, since Sie microchannel holes 34A are linear and 
normal to the surface of the object S, the neutral particles in the plasma generated m the plasma chamt>er 
2D as well as positive ions can be made vertical^ incident to the surface of the object S as the dlrectfon- 
aligned neuU^al particle beams. 

Thus, the cftiject S can be stehed with the direction-aSQK)^ neutral radicals which are rrmde vertical^ 

IS fncident to the surface of the object S and ^erefore the etching of high anisolropy Is allowed. Besides, a 
micro loading effect can be prevented since Ions are not entered and therefore an extremely high precision 
etching pattern with high anisotropy can be formed. 

Neutral partide beams can be irradiated onto the over^l surface of the object S by forming the 
microchanneJ plafe 34 In a size corre^onding to the area of the object S, that is, forming ^e mrcrochannel 

20 holes 34A over a wider range of the proces^ng area of the object S and a highly avtisotropic etchung can be 
carried out on the object S as a whole even though the processing area is large. 
The effects of this embodiment is described wSi a practical example. 

The etching system used is provided with the mio-ochannel plate 34 of approximately 160 mm in 
diameter and a^proxunataly 1 mm In thickness I having the microchann^ holes 34A with <Kamster d of 
25 approximateiy 1 2 um. 

A 6-inch silicon wafer with a resist serving as an etching mask deposited on its suiface is used as the 
object S to be processed and it Is arranged in parallel to the mlcroch^nel plate 34 with a clearance of 
approximately 1 cm between the surface of the silicon wafer (etching surface) and the surface of 
microchannel plate 34. 

30 The silicon wafer was etched itfider ^ condition that chlorine was introduced into the plasma chamt>er 
20^ cBschar^ng was conducted when the pressure Pa of the charge exchange chamber would be 
approximately 10"^ Torr, the pressure Pb of the processing chamber 24 was set to approximately 10""^ 
Terr, a specified voltage was applied between the Ion extracting electrode 25 and the accelerating electrode 
26, and a specified potential cap^le of preventing Ions from be^g irrac^ated into the microchannel holes 

35 34A was applied to the bn repellent electrode 30. 

As a result, the ^licon wafer could be efdied as a whole as the mask pattern of high anisotropy. The 
etchbng speed was hig^ and the etching did not depend on the density of the pattern (etdiing part) and the 
mk;ro bading effect was not observed. In adc^on^ any defericH^ation of the film quality due to a charge-up 
was not observed since the etching was carried out only with neutral particles. 

40 The following describes in detail ^le etching system (plasma processing system) of the second 
mbodlment according to the present invention. 

The etching sy^m of this embodiment Is as substantially same as the first embodiment except that 
the the pressure of the cfiarge exchange chamber is set higher than that of the processing chamber 24. 
Therefore the following descripOon refers to Frg. 1. 

45 In this embodiment. ^ fn the first embodiment a porous pfate (hereafter also referred to as the 
"microchannel plate") 34 Is provided between the charge exchange chamber 22 and die processing 
chamber 24 to partition these two chambers and the pressures the above two chambers 22 and 24 can 
be adjusted by this mioochamiei plale 34 and independently pro>nded vacuum pumps 36A and 36B and 
therefor© tfie pressure Pa of the charge exchange ch^ber 22 can be set higher than the pressure Pb of 

50 the processing chamber 24. In other words, as in tie first embodiment the microchannel plate 34 allows to 
Indep^dently adjust the pressures of the charge exchange chamber 22 and the processing chamber 24 
since the diameter d of the microchannel holes 34A is extremely small as a few micron meters to 
E^proximately 100 um. 

The operation of this embodiment Is described t»low. 

ss As in case of the first embodiment, when a plasma is generated in the plasma chamber 20, positive 
ions In the plasma are electrically neutralized to become high speed neutr^ particles which are direction- 
aligned. When passing through the microchannel holes 34A, the neu&al particles are ^rther direction- 
aligned at the microdiaraiel holes 34A and introduced as the extremely dh'ectkyn-aligned (excelf^ 
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directionality) neutral partrcle be^ns into tfie processing chamber 24. In this case, since the microchannel 
holes 34A are formed normal to the microchann^ plate 34, the neufrai partide beams wrth higher 
dlrectionalify can be irradiated perpendicularly onto the surface of the object S by aranging the object S to 
be normal to the microchannel holes 34A. Accordingiy. high precision etching is available for the object S 

5 as in the first embodiment. 

In this embodiment* the pressure Pa of the charge exchange chamber 22 is set higher than the 
pressure Pb of the processing chamber 24 and therefore the frequency of colOsion of Ions with neutral 
particles sudi as radicals in the charge exchange c^iamber 22 can be hncressBdi and the charge exchange 
efffcisncy of ions can be vastly improved. 

10 Consequently, a long flying distance of ions as conventional is unnecessary to improve the neutraliza- 
tion efficiency of ions to approximately 100 % and therefore the length of the charge exchange chamber 22 
^ the ion flying direction can be reduced or the distance between the plasma chamber 20 and the 
processing chamber 24 can be reduced to be dose each other and the charge exchange chamber 22 and 
furfhtf the etching system c^ be made compact. 

75 After the silicon wafer on the surface of which an etching mask is mounted was set as the object S to 
be processed at Uie specified position in the processing chamber 24, using the etching system according to 
the present invention, chlon'ne gas (CI2) was supplied from the gas supply port 20A to generate the 
plasma, and the charge exchange chamber 22 was set to approximately 10^^ Tonr and the processing 
chamber 24 was hdd at approdmately 10"^ Tonr to prevent scattering of the beams. 

20 Positive ions (C1^ and 012^^) from the plasma chamber 20 were accelerated and extracted to the 
charge exchange chamber 22 and furthemnore the charge exchange reaction was conducted wrtiiie 
accelerating the ions by tiie accelerating electrode 26. 

Consequently, a neutral particle beam of a low energy as several hundreds of eV could be generated 
by adjusting the voltage across the ion extracting electrode 25 and the accelera^ng electrode 26. The 

26 apparent neutralizing efHclency (the peroent^e of neutral particles produced from cune ion) in this case 
could be 100 % or over de^rte that the system Includes the charge exchange between different eien^nts 
wrth a smail cross section for charge exchange. In this case, ^e Ions which have passed the accetera^ng 
electrode 26 are returned again to the charge exchange chamber 22 by the ion repellent elecfrode 30 and 
the Ions were not in-adtated Into the processing chamber 24. 

^ Even though the length of the charge exchai^e chamber 22 in a direction where the ions are 
accelerated Is a few centimeters, the appfflrent charge exchange efficfency could be close to 100% andi, at 
the same time, high precision etching with high anisofropy could be canried out for the silicon water by 
appropriately controlling the temperature of the wafer. In this embodiment, the ion removing electrode 30 is 
not always required. 

35 Fig. 4 shows a rough construction of the etching system of ^e tJhihr6 embodiment according to the 
present invention. 

The plasma processing system of thte embod^ent ts as substamll^ly same as the etching system of 
the first embodiment except tiiat the processing chamber 24 Is pns^nded with a nadicai supply source 40 for 
supplying the radicals such as Of radical into the processing chamber 24. 
40 The radical supply source 40 allows to generate ^e radicals by dissociating gases through discharging. 
This radical supply source 40 can be a type capable of disecx^ating gases by ap(H'opriate means such as 
light, heat or the llice. 

in this enybodiment, chlorHie gas was dissociated in the radical supply source 40 by microwave 
discharging of 2.45GHz, CI radical produced was adsorbed onto the surface of the silicon safer S (an object 
4s to be processed), chlorine gas was supplied from the gas supply port 20A to the plasma chamber 20 end 
also from the gas supply port 22A to the charge exchange chamber 22, and the etching was carried out 
under the concysons almost idenUcai to those in case of the first embodiment. 

According Id the present Invention, the silicon wafer S can be etdied with the 01 neutral particle beam 
while adsoribing 01 radical onto the silicon wafer S and the etdilng rate could be raised severaf times as 
60 high as that In case of the first embodiment. 

Fig, 5(A) Is a magnified partial sectional view showing the ion ex^acting ©lecfrode disposed In the 
etching system of the fourth embodiment according to the present invention and Fig 5(B) is a rough 
perspective view showing 8ie overall appearance of the ion extractmg electrode. 

In ti^ etching system of this embocf ment an ion extracttrkg electrode 26-Bhown in Rg. S is provided 
66 between the plasma chamber 20 and the charge exchange chamber 22 and a neutralize 42 comprising a 
tungsten filament for neutralizing space charge is provided at the ion extraction side arx3 the other 
construction is as substantially same as the etching of the first embodiment. 

In this andiodrment the ion extracting electfode 25 is formed with the multilayer plate of double 
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construction comprise a glass (dielectric} layer 25B and an aluminunfi (metal) layer 25C, provided with 
many openings 25A for extraction of ions, and the glass layer 25B fs disposed on tTie side of the i^asma 
chamber 20. 

In ^Is emtxjdiment, the Ion extracting electrode 25 Is formed with the muittiayer plate of double 
5 construction and therefore the ion extraction efffclency could b© improved several times better Ihm that In 
case of the first en^odiment and, in addition, ions are prevented from direct contact witii the aluminium 
layer 25C and thmfore the service 8fe of tto ion extracling eteclrode 25 could be extended ten times or 
over, 

Since the space charge Is naitrallzed by the neutrallzer 42 at a position where Ions are extracted from 
w the ion extracting electrode 25, the ion extraction e^ciency could be Improved and the divergence of the 
beams could be prevented. 

Rg 6 is a magnified pasrWal sectional view showing part of ^e microcharml plate adapted to ihe etching 
system of the fifth embodiment according to the present invention. 

The etching system of this emtxMUment is as sub^antiaily same as the ^hing system of the fifst 
15 embodiment except ^at the microchannel plate 34 has a surface electrode 34B which is formed by 
evaporation-depositing the ^rface of the microchannel plate at the charge exchange chamber 22 side with 
a metal such as aluminium* the ion removing electrode 30 is ^Iminated and the surface electrode 34B Is 
conrieded to the power supply 32. 

Tt^s embodiment allows to msto the suitace electroCte 348 fiAictfon as the ion repeSent ^ecfrode and 
20 thero^re the etching system further compact 

Hie surface electrode 34B can be formed on the surface of the processing chamber 24 side. As a 
matter of course, the micnx^iarmel plate 34 In this embodiment can apply to the etching system of the third 
embodiment 

Fig. 7 is a magnified parti^ sectional view showmg part of the microchannel plate appdied to the etching 
25 system of the sixth emtxxilment acccn-dbig to the prsrant Nwentlon. 

The etching system of this embodiment is as substantially same as the etching system of the first 
embodiment except that the microchannel plate 34 has the fii^ surface electrode 34B and the second 
surface electrode 34C on Its both surfaces, the accelerating electrode 26 and the Ion repellent electrode 30 
are eliminated, the first surface electrode 34B is cc»inected to the power supply 28B and the second 
30 surface electrode 34C is connected to the power supply 32. 

This embodiment allows to make the sleeve first suiface ^ectrode 34B function as an accelerating 
electrode and the above second sur^ce electrode 34C function as an Ion repellent electrode and Uierefbre 
the etching system can be made further compact as compared with the etching system of Sie abo\ra fifth 
embodiment. 

35 As a matter of course, to microchannel plate 34 according to ^Is embodiment can apply to the etching 

system of the above thsd ^Yibodiment 

Fig. 8 Is a rough constructlcm cfia^am showing the etching system of the seventh embodiment 

according to the present invention. 

The etching system of this embodiment is provided with a plasma chamber (ion source) 20 having 
4Q plasma generating means (not shown), a charge exdiange chamber 22 for neu^lizing positive ions 

genmted in the F^aana chamber 20 through charge exchange and generating neural partldes such as 

radicals, and two processing chambers 24A and 24B whidi are arranged at both sides of the charge 

exchange chamber 22 to canry out etching (plasma processing) of an object S to be processed with neutral 

particles generated by charge exchange reaction. 
4$ The plasma chamber 20 is provided with the gas supply port (not shown) for supplying g&& which is a 

plasma material. 

The ion extracting efectrode (grid electrode) 25 made of graphite for extracting ions from the plasma 
chamber 20 to the diarge exch^e chamber 22 is provided between the plasma cumber 20 and the 
chaise exdis^ge chamber 22. 

so In the charge exchange chamber 22. to gas supply port 22A which supplies gas for chaxge exchange 
IS provided and ttie first, second €md third mesh electrodes 126A. 126B and 126 C, which form the ion 
velocity control means lor controlling the velocity of positive Ions extracted from to plasma chamber 20 are 
hfistalled opposing each other with the specified distance, and the ion control power supplies 128A, 128B 
and 128C capatile of apply^ a desired voltage to omtrol to velocity of Ions are connected between these 

55 first to third mesh electrodes 126A to t26C, These first to third mesh electrodes 126A to 126C c^n be the 
grid electrodes made of grayphite as the ion extracting electrode. 

A porous plate (microchannel plate) 130A is provided between the charge exchange chamt)er 22 and 
to processing chamber 24A fo partition these chambers, and the pressures of Isoth chambers 22 and 24A 
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can be independenfiy atiUusted by this microchanne) plate 130A and vacuum pumps I32a and 132B which 
are separalely provided. Therefbre the pressure of the diarge exchange chsatiber 22 be set higher Uian 
the pressure of the processing chan^ber 24A and, at the same time» the microchanneE plate 130A can allow 
the neutral particles g^erated by the charge exchange chamber 22 to pass through h and to be supplied to 
5 the processing chamber 24A, The other processing chamber 24B Is partitioned from the charge ^cdiange 
chamber 22 with the microchannel pfate 130B and constructed to have similar functions. 

The above microchanneJ plat^ 13(1A and 130B are the same as shown in FigJSi allow the neutral 
parScles sudi as radices to pass through ttie linear microchannel holes (fine through holes) 34A. which 
extend in the direction of thidmess of the microchannel plate, from the charge exchange chamber 22 to 
10 both processing chambers 24A and 24B, and the pressures of the charge exchange chamb^ 22 and the 
processing chambers 24A and 24B can be independently controlled. 

The operafjon of this embodiment Is described below. 

A gas such as chlorine gas (Cb) is supplied as a plasma materi;^ from the gas suppi^ port to the 
plasma chamtjer 20 to set a condition where the plasma can be generated in the ptesma chamb^ 20, the 

16 pressure of the charge exchange chaml>er 22 is set higher than the pressure of the processing chanber 24. 
a positive bias volts^e Is applied to the first and second mesh electrodes 126A and 126B and a negative 
bias voHage is applied to the third mesh electrode 1260, a specified Held Is applied across the me^ 
electrodes whereby a plasma is generated under the above condition in the plasma chamber 20. 

Positive Ions In the iiHa^a are extracted to the charge exchange chamber 22 by the ion extracting 

20 electrode 25, accelerated t»ehi¥een the third mesh electrode 126C asnd the first and second mesh ^ectrodes 
126A and 1268 'u\ the charge exchange chmnber 22, reciprocated b^een the first and second mesh 
electrodes 126A and 126B, electrically neutralized by charge exchange during the above processes and 
become high speed neutral particfes which are direction-aligned, 

fn this case, the ions which do not have a translation energy are produced by charge exchange reaction 

25 in the charge exchange chanr^er 22. These ions can be efficiently transformed to neutral particles by 
accelerating even such ions with the third mesh electrode 126C and reciprocating the ions between the first 
mesh electrode I^A and the second mesh electrode 126B to carry out again the charge exchange and 
therefore the neutralization efficiency can be vastly Improved and the density of neutral partrcles can be 
raised. 

30 Neutral particles generated by the charge exchange chamber 22 are accelerated and moved in fhe 
directions of the nrticrochann^ ^ates 130A and 130B to pass through respective microchannel holes 34A 
when th^r cHrections roughly aligned, and therefore the directions are further aligned by the microchan- 
nel holes 34A. Consequently, neutral particles are introduced into the both processing chambers 24A and 
246 as the neutr^ particle beam with excellent directional alignment (high directionality), in this case, the 

35 microchannel holes 34A are formed to be normal to the microchannel plate 130A (1308) and therefore the 
neutral particle beam with high directionality can be irradiated vertically to tiie surface of the ob|ect S by 
arranging the object S to be normal to the mlcrochann^ holes 34A. Accordingly, high precision etching can 
be candied out simultaneously on the objects S to be processed which are disposed respectively in the 
processing chambers 24A and 24B. 

4G in the charge exchange chamber 22, the first and second mesh electrodes 126A and 126B to which a 
positive bias voltage is applied are anranged at ^e sides of the processing chambers 24A and 248 ssnd the 
Introduction of \om Into the processing chambers 24A and 246 can be certainty prevented. Consequently 
the object S can be etched wHh complete neutral particles. 

In this embodiment, the pressure of the charge exchange chamber 22 is set higher than tfie pressures 

45 of ^e processing chambers 24A and 24B and therefore the frequency of collision of Ions wiUi neutral 
particles composed of radicals and molecules in the charge exchange chamber 22 can be increased and 
the ion neutralization efficiency can be further Improved. 

Consequently, such a long flying c&stance of ions as conventional Is unnecessary to obtain the ion 
neutralization efficiency of appraximataiy %, the length of the charge exchange chamber 22 in the 

50 flying direction of ions (the h(Mrtzontal direction In the drawing) can be reduced, and ^e charge exchange 
chamber 22 suid further ^e etching system can be made compact 

After setting, as the object S to be processed, a silicon wafer on the surface of which an etching mask 
is mcMjnted at the specified positions of the processing chambers 24A and 248, respectiv^y, using the 
etching system of this embodiment, chlorine gas (Cb) was suppled from the gas supply port to genmrie 

55 the plasma, the pressure of the charge exchange chamber 22 was set to approximately 1Q~^ Tonr and the 
pressures of the processing chambers 24A and 248 were held at ^proxfltiately 10~^ Tonr to pr^^ 
scattering of ^e beam. 

Positive ions {C\* and Ck*) were extracted from the i^ama chamber 20 to the charge exc^wige 
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chamber 22 and the charge exchange reacfion was caused to occur by reciprocating the tons between the 
first and second mesh electrodes 126A and 126B while accelerating the ions by the third mesh etectrode 
1260. 

Consequenfty, a neutral particle beam with a low energy of several hundreds of eV cwjld be generated 
6 by adjusting the voltage across the ion ex^actlon electrode 25 and the first to third mesh electrodes 126A 
to t26C, The neutral parttcle l^eam was equally irradiated Into the processing chambers 24A and 24B 
localsd at both sides of the charge exchange chamber 22. Accordingly, two objects S to be processed 
could be etched at the same Unne and the processing efffclency could be substantially improved. 

The apparent neutralization efficiency (the percentage of neutral particles produced from one Ion) tx\ this 
10 case could be 100 % or over despite that the system includes the charge exchange between different 
elements with a small cross section for charge exchange. In this case, the tons were returned to the inside 
of the charge e^cchange chamber 22 by the first and second mesh electrodes 126A and 126B and the ions 
were not irradated into the processing chambers 24A and 24B. 

Even though the length of the charge exch^e chamber 22 In a direction where the tons are 
15 accelerated is a few centimeters, the apparent charge exchange efficiency could be close to 100 % and» at 
the same time, high precision etching with high aniso^opy couid be carled out for the silicon wafer S by 
appropriately controlling the temperature of the wafer- 

rrg. 9 shows a rough construction of the etching system of the eighth embodiment according to the 
preeent Invention. 

20 The plasma processing system of this embodiment is as substantially same as the etching system of 
the sevens embo<£ment except that the imces^ng diambers 24A and 24B are provided with the radical 
supply sources 134A «id 134B tbr siwly^ng the radicals such as CI radical into the processii^ diambers 
24A and 24B. 

The above radical supply sources 134A and 134B allow to generate the radicals by dissociating the gas 
25 through microwave discharging. These radical supply sources 134A and 134B can be of a type capable of 
dissoclatnig the gas by ai^ropriate means such as light, heat or the ito. 

In this embodiment chlorine gas was dissociated in tiie radical supply sources 134A aufid 134B by 
microwave discharging of 2.4b GHz, the CI radical produced was adsorbed onto the surface of the silicon 
wafer S (an object to be processed), chlorine gas was supplied from tiie gas supply port to the plasma 
30 chamber 20 and the etching was carried out under the conditions almost identical to those in ca^ of the 
seventh ^bodiment 

According to this embodbnent, the slScon water S can be etched with the CI neutral particle bea^ while 
adsorbing the CI radical onto the silicon wafer S and therefore the etching rate ooufd be raised as several 
times high as that in case of the seventh embodiment 
36 The ion velocity control n\ems for reciprocating the tons in the charge exchange chamber is not limited 
to the above desoiiTOd first to third mesh electrodes and means cspable of pro^riding simliar func^cm is 
also permitted. 

Rg. 10 is a rough construction cfiagram showing the etching system of the ninth embodiment according 
to the present Invention. 

40 The etching system (plasma processing system) of this embodiment employs the BOB (Electron 
Cyclotron Resonance) plasma system and is provided with the ron source 210, the charge exchange zone 
212 for neutralizmg ions extracted from the ton source and the processing chamber 214 for etching 6:}lasma 
accessing) the object S to be processed by irracSating the neutral particles generated by the charge 
exchange zone 212, and is constructed as a vacuum chamt>er 216 as a ^o!e. 

45 The ion source 210 and Ihe charge exchange zone 212 are par^tioned by the ron extracting electrode 
216 for extracting the Ions from the ion source 210 to the charge exdiange zone 212, and the charge 
exchange zone 212 and the (»rocessEng chamber 214 are pardoned by the ton repulsion electrode 220 for 
preventing Nradietion of tons into the proces^ng chamber 214. 

The charge exchange zone 212 is a space area In the vacuum diamber 216 partitioned by the Ion 

so extracting electrode 218 and the ton repulston elec^ode 220» and the ion control etectrode 222 for 
acceleraHng «ie ions generated by charge exchange reaction is provided at a po^tiort nearby the ton 
repulsion elecb*ode 220 in the charge exchange zone 212. 

A microwave source 224 is connected to the ion source 210 through the waveguide 224A and an 
electromagnetic coil 226 is dl^osed around the ion source 210. 

ss DC variable power supplies 228A, 228B and 228C are connected to the ion extracting electrode 218, 
the Ion repulsion electrode 220 and the ion control electrode 222, and a desired negative potential for 
extracting the ions from the Ion source 210 is applied to the ion extracting electrode 218, a desired (K)sitive 
potential tor preventing irradKatiort of Icms fi'om the charge exchange zone 212 info the processing chamber 
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214 is applied to Ihe ion repuk^on efec^e 220 and a desired negative pot^al for accelerating low 
velocity ions generated in the chaifge exchange zone 212 is applied to the Ion control ^ecl^ode 222, 

In this embodiment, the ion source 210 and the charge exchange zone 212 am respectively provided 
with gas supply tubes 230A and 230& i^ch aHow to Independently supply material gas to iort source 
5 210 and charge exch^ge gas to the charge exchange zone 212. 

The following descrit^es the operation of this embodiment. 

Mateiial gas and charge exchange gas are suppged at specifred flow rates lirom the a gas reservoir (not 
shown) to the Ion source 210 and the charge exchange zone 212, and the pressures of the ion source 210, 
charge exchange zone 212 and {»iocessing chamb^ 214 are reduced to the ^cHled lev^s by vacuum 
10 means, not shown, and the plasma it generated in the ion source 210 by the mlcnswave source 224 and the 

electromagnetic corl 226. 

A specified bias voltage is applied in advance to the ion extracting electrode 218, ion repulsion 
electrode 220 and ton control electrode 222. respectively, and therefore the ions produced by the Ion 
source 210 are extracted with a l»ced energy by tie Ion extracting electrode 218 to the charge exchange 
15 zone 212. These ions are changed to high speed neutral particles at the charge exchange zone 212 by the 
charge exchange reaction witti charge exchange gas introduced from the gas supply tube 230. The high 
speed neutrai particles are entered into the processing chanyt>er 214 and irradiated onto the obiect S stored 
in ^e processing chamber, and the object S is etched. 

In tMs case, the low speed ions genmted from neutral particles (dwge exchange gas) through charge 
20 exchange reaction In the dwge exc^nge zone 212 are accelerated by the ion control ^ectrode 222 and 
new high speed neutral parades are fur^er generated by charge exchange reaction. Therefore the den^ 
of the high speed neutrai pardcle beam c^ be increased. 

In this embodiment, since the system is constructed so that material gas and charge exchange gas can 
be independently supplied to the ion source 210 and the charge exchange zone 212, a combination of 
25 these gases can t>e set as required. Selection of an appropriate combination of both gases aSows etching 
with high charge exchange effld^K^ and furtho* a practical level of etching >mth the neutrad partide beam 
to be implemented. 

The foliowing describes ^e results of etching actually made on a silicon waf^r {object to be processed} 
S using Uie above described etehing system. The conditions for the plasma were set as shown below: the 

30 pressure was set to 1 milltTorr, the microwave power to 1 kW, the ion extracting electrode 218 to -50 V, the 
\m control electrode 222 to -80 V and the Ion repulsion electrode 220 to + 150 V. 

It Is presumed under these conditic»is that the ions will be extracted >/rith an energy of approximately 50 
eV fi-om tie ion source 210 to the charge exchange zone 212 and the kinetic energy of hfgh speed neutral 
particles to be irradiated into the processing ch^ber 214 will be ^proximately 50 to 80 eV, 

35 Under the above conditions, Ar, Fa, CI2, Br2 and Xe were used as ihe gas species and the etching was 
carried out with required combinations of these gases as material gas to be supplied to the ion source 210 
and charge exchange gas to be suppyed to the charge exchange zone 212. The results thus obtained are 
^lown in Table 1. Tat^e 1 shows the cross section for charge exchange, that is, the chevge exchange 
ef^crencles when the etching was canled out under the above conditiwie and combinations of gases with 

40 the gas flow specified to be 50 seem in all processings. 



Table 1 



--^s^ Mstttral 
Ion . 


Ar 
(16) 


^2 
{X5.7) 


(12.1) 


CI 2 
(11.5) 


(10.5) 


F"^ ill) 


O.B 


D.8 


6.0 







kr* IIS} 


1.0 


3.0 


7.0 


10.4 


18.5 


CI* (13) 


0.3 


0-3 


2.1 


3.1 


5.7 


Xa* liz.x) 


0.2s 


0.25 


1.7 


2.5 


4.5 


Br* C11.8) 


0.3 


o.z 


1.4 




3.6 



The ioniKatlon potential value (eV) is shc»m In { ), 
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The table 1 indicates that the etching speed in the case ^at Cb (in Table 1, the ion source corresponds 
to Ci^) \s used as material gas and Ar, Ok and Bti are used as charge e)cchange gas (in Tabie 1, 
corresponding to the neutr^ pertide) is 150, 300 or 800 angstrom/h)in, and a higher etching speed Is 
obtained m accordance with the charge exchange efjiciency* 
s As described at)ove, this embodiment allows to carry out tie etching under a d^ired combination of 
material gas and chaise exch£uige gas and ^erefbre substantially improve the charge exchange efficiency 
by appropriately setting a combination of gases and easify practice the etching with a neutral particle beam. 

in addition, the charge exchange efficrmcy can be vastly raised by combining a larger ionization 
potent!^ of material gas than that of charge exchange gas. 
10 Fig. 11 is a rough construction diagram showing the etching system of &ie tsnth embocfiment according 
to the present invention. 

The etching system of this embodiment is as substantially same as the etching system of the above 
ninth embodiment except that a microwave plasma source (exciting means) 232 is provided for the gas 
supply tube 230B connected to the charge exchange zone 212 and a microwave source 234 is corm^ed 
IS to the microwave plasma source throu^ the waveguide 234A. 

The Aching system of this embodiment allows to supply the charge exchange gas excited by the 
plasma source 232 to the charge exchange zone 212, substantially improve the chaiige exchange efficiency 
since material gas can be made to have a higher ionization potential than charge exchange gas even when, 
for example, both material gas and charge exchange gas are to be the same kiiid of qbs, and greatly 
20 inoease the etcNng speed, 

in the etching witi the system of this emtxsdiment under the same corvJitions as the above ninth 
embodiment, the etching speed was raised as two times high as that In the ninth embodiment In ^y 
combination of gases. 

Though the ion control electrode 222 is provided in the ninth ^d tenth embodiments, this ion control 
25 efectfode 222 is not always required. If this electrode is not provided, low speed Ions will not be re* 
acceferatsd. However, the present invention ensures an extrmeiy high charge exchange efficiency and 
tiierefbre a sufficient amount of high speed neutral particles can be generated by one charge exchange 
reaction. 

Rg 12 is a rough configuration ^lowmg the etchnrtg system of the eleventh embedment aocordrng to 
30 the present invention. 

The etching system of Ms embodiment ts as substantially sane as ifie etching system of tfie first 
embodiment except that the microwave plasma source (noting me»is) 232 is provided Ibr the gas suF^ly 
jpon 22A connected to the charge exchange chamber 22 and the mforowave source 234 is connected to ^e 
microwave plasma source 232 through the waveguide 234A, 
35 The etching system of this embodiment allows to supply the charge exchange gas excited by the 
plasma source 232 to the charge exchange chamber 22, substantially improve the charge exchange 
efficiency dnce materlai gas can be made to have a higher ionization potential than charge exchaige gas» 
and greatiy increase the etching speed. 

In the etching with the system of this embodiment under the same conditions as the above first 
40 embodiment, the etching speed was raised as two times high as that in the first embodiment. 

Using tiie etching system of tills embodiment, the etching was carried out with the material gas to be 
supplied to the plasma chamber 20 tiircHigh the gas supply port 20A as a gas vntii a higher realization 
potential than the change ex(^iangd gas to be supplied to the charge exchange cheumber 22 through the gas 
supply port 22A. 

4S The etdNng was carried out imder the substantially same conditions as in the first embodiment except 
thai argon (Ar) was used as materlai gas and chlorine (CI2} as cha-ge exchange gas. 

This etching method allows to greatiy improve the charge exchange efficiency and further vastly 
increase Uie etching speed. 

In actual etching under the above descHl^ed conditions, the etching ^eed was raised as thr^ times 
so high as in tiie first embodiment 

Combination of material gas and charge exchange gas is not limited to that in this embodiment and can 
be determined as desired. 

Exciting means is not limited to the microwave and can be a t^e capable of exciting gas by 
appropriate means such as light and heat 
55 Fig. 13 is a rough front view conc^rtually showing the etdiing system of the fw^ffii embodariem 
according Id the present invention. 

In case of the etching system of tiiis embodiment the ptasma chamber 20, charge exchange chamber 
22 and processing chamber 24 are fomned, as a whole, in a substantralty tubular shape as illustrated In Rg. 
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13 showaftg the outline of the external prol^ei tiie periphery of the charge exchange chamber 22 rs partly 
formed with a quartz glass 22B mid the xenon lan^ (neutral particle excHrng means) 238 is provided on the 
outer periphery of the quartz glass 22B. Other configimfions of the system are sut»siantfaily IdenticaJ to the 
etching system of the first embodiment (Fig. 1). 

5 The following describes the operation of this embodiment 

A gas such as chlorine (Cb) is supplied as plasma material from ^e gas supply port 20A to the plasma 
chamber 20 to generate a plasma in the plasma chamber 20 as in the first embodiment and, at the same 
time, the xenon lamp 238 Is started to in^adiale rnside the processing chamber 24 wtfh the xenon lamp 238. 
Positive ions In the plasma are extracted by the Ion extracting electrode 25 In the arrow directron, 

10 accelerated by the accelerating electrode 26 in the charge exch^ge chamber 22 and move in the 
processing chamber 24. The ions are electrically neu^allzed by charge exchange during the above 
movement and become high speed dfrectlon-ailgned neutral particles. 

Neutral particles generated in the charge exchange chamber 22 are excited by the xenon lamp 238, 
move in ^e direction of the microchannel plate 34 under the condition that the neutral particles are roughly 

16 direction-aligned and pass through the microchannel 34A. Therefore the neutral parades are roughly further 
direction-aligned by the microchannel holes 34A, consequently, extremely direction-aligned <high direo- 
Sonatlty) and are Intaroduced into the processing chamb^ 24 as a neutral partide beam with high internal 
energy. 

h this case, ^nce the mcrochannel holes 34A are perpencficularly fcme6 in the microchannel ip^ate 34, 

2o the neutral particle beam vnth high directlone^lty can be entered peipendicular^ to the surface of tire object 
S to be processed by arranging the object S normal to the microdiannei holes 34A. Accordingly, high 
precision etching of the object S similar to the first emlK)dlment can be done at an extremely high speed. 

In the use of the etching system of this embodiment a silicon wafer was set as the object S to be 
processed at the specified position of tiie processing chamber 24 and the etching for a pc^ysaioon layer on 

25 the wafer was conducted using an oxidized film as the ma^ as described below. 

GNorme (Cb) gas was supplied from the gas supply port 20A to generate the plasma, the diarge 
exchange chamber 22 was set to approximately 10"'' Ton*, the processing chamber 24 gas held at 
approximately 10"^ Torr to prevent scattering of tiie beam, positive Ions (CI , CI2 ) Irom the plasma 
chamber 20 were accelerated and extracted to the charge exchange chamber 22, charge exchange reaction 

30 was made to occur while the ions were being accelerated by the accelerating electrode 26, and neutral 
particles gen^ed were made to be excited state by an energy from the xenon Imp 23a 

Practical conditions adopted for excitation are such that a Hg-Xe lamp Is used as a light source, the 
eneigy Is 300 mW/cm^ at the outer periphery of the charge exchange chamber and the mam wavelength of 
incident beam into the chc^^e exchange chamber is 300 to 400 nm. 

36 Consequently, the neutral particle beam which was excited to have a high fntemal energy despite that 
the translation energy was low as several hundreds of eV could be generated by adjusting ^e voltage 
across the Ion extracting electrode 25 and the accelerating electrode 26 and the output c/t the xenon lamp 
238 and therefore the etching rate could be raised as aii^roTdmately ten times high as that when the neutral 
particles are not excited, and vertical etching shapes could be obtained without undercuts. 

40 The etching system of the thirteenth emtjodrment according to the present invention is described below. 
The plasma processing system of this embodiment is as substantially same as the above twelfth 
embodiment except that the system configuration except for the xenon lamp 238 disposed around the 
quatz glass 22B is substantially same as the third embocHment <Fig. 4} in wNch the radical supply source 
40 for supplying radicals such as 01 radical Is provided in the processing chamber 24. 

45 In this embodiment* chlorine gas was dissociated by microwave discharging of 2.45 GHz at the radic^ 
supply source 40, CP radical generated was adsorbed onto the surface of the silicon wafer (object to be 
l^^ocessed) S, chlorine gas was supplied from the gas supply port 20A to the plasma chamber 2Q, and the 
etching was cerrjed out under the same conditlim as in the first mbodim^ 

This embodiment aBows to etch tiie silicon wafer S wfth the neutral particle beam of 01 while adsortHng 

50 the 01 radical onto the silicon wafer S and thmfore the etdilng rate could be raised as several times Mgh 
as that in the twelfth embodiment. 

The above has specifically descrlt}ed the present invention. However, the present Invention is not 
limited to the above described embodim^s and is varialiriy available without damnation from the spirit and 
scope of the mvention. 

55 For exan^^e, the ion extracting ^ectrode 25 shown in Fig. 5 and appl^d to the fowlh embodiment and 
the microchannel plate 34 allied to the fifth and sixth embodiments can ai^ly to the etching system of 
other embodiments. 

Tlie neutral particle exciting means is not limited to the xenon lamp 238 shown in the above 
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embodiments and, for exanripfe* eximer laser, heat, microwave or electron beam can be used as other 
exdting means. 

An [on collecting electrode can be used. This im collecting electrocfe, which can be replaced for the ton 
repellent electrode, is installed on the Internal wall of the system between the accelerating elec^e and the 
microchannel plate and can be negative-biased in reference to the accelerating electrode. 

The neufraiizer shown in the fourth embodiment is not limited to the coil type and its shape can be 
changed as desired. For exafnpie. the neutrallzer can be a linear wire made of tungsten disposed \n ^ 
radial directkm of the Ion extrac^ng electrode. 

The above neutraSzer can apply to other embodim^its as well as the fourth embodiment. 

Pfasma material Is not limited to chlorine and pfasma generating means is not limited. 

Pressure Pa of Sie charge exchange chamber need not be larger than pressure Pb of the processing 
chamber and can be almost equal to the latter. 

The plasma imc^ing system of the present Invention is not limited to the etching system ^d can 
apply to other plasma processings. 

For example, the plasma processing system of the present invention, which is effective as a film 
fbnning system, allows to obtain highly tine and high quality films with less damage and stress and has 
bem ii^»3gni2ed highly usefid, 

Claiifie 

1. A plasma processing system comprising 

a plasma chamber (20) having plasma generating means, 

a charge exchange chamber (22) for neutralizing ions generated by said plasma chamber and 

a processing chamber (24) for processing an object (S) to be processed by Irradiating n^at parficles 

whidi are neutralized in s^d charge exc^iange chamber, 

wherein said charge exchange chamt>er and said processmg chamlt>er are partiUoned with a porous 
plate (34) provided witii a number of linear microchannel holes (34A) allomng fine particles to p^s 
through from said che^-ge exchange chamber to said processing chamber. 

2. A i^asma processing system comprising 

a pl^ma chamber (20) having i^asma generating means, 

a charge exchange chamber (22) for neufraltzing ions generated by said plasma chamber arKj 

a processing chamber (24) for processing an object (S) to be processed by In^dtating neutial particles 

which are neutralized in said charge exchange chamber, 

wherein pressure adjusting means (36A, 36B} for maicing ^e pressure (Pa) of sad charge exchange 
chmt}er to be higher than the pressure {Pb) of sard processing chamber is ii^ovlded. 

3. A plasma processing system comprising 
an Ion source (20), 

a charge exchange chamber (22) for neutralizing ions extracted from said ion source by an extracKon 
electrode (25) and 

a processing (Camber (24) for processing an object (S) to be processed with Inddent neutral particles 
generated Itom said diarge exdiange chambOT» 

wherein s^d charge exchange diamber is provided with means (26, 28A, 28B} for controlilrig the 
velocity of ion. 

A. A plasma processing system compiising 
SI ion source (210), 

a charge exchange zone (212) for neu^alizing ions extracted torn said ion source and 

a processing chamber (214) for processing an object (S) to be processed with inddent neutral pEurgcles 

generated by ssud charge exchange zone, 

wherein said Ion source and said charge exchange zone are respectively provided with gas supply 
parts (230A, 230B) from which matenal gas and charge exchange gas can be independently suppled 
to the ron sowce and ^e charge exchange zone. 

5. A plasma processing system comixising 
an ion source (20), 

a charge exchange chamber (22) for neutraliang ions extracted from said ion source and 
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a processing chamber (24) for processing an object (S) to be processed with incident neutral particies 
^neraled i^y said charge exchange chamt)er, 

wherein safd charge exchange chamber is provided with means (236) for e}cclf»ng neutral f^ulicies 

generated* 

0. A prasma processing system in accordance with one of ciarms 2 to 5, wherein said charge exchange 
chamber (22) and safd processing chamber (24) are partitioned with a porous f^ate (34) in wltich a 
number of linear micro thrcHjgh holes (34A) are formed, 

to 7. A plasma processing system in accordance with cl^m 1 or 6» wherein an electrode (34B) is formed at a 

side of said porous plate. 

a A plasma processing system in accord^ce with claim 1 or 6, wherein an ^ectode (34B, 34C) is 
formed at both sides of said porous plate, 

IS 

9. A plasma processing system in accordance wl^ one of claims 1 to 5. wfiereln said processing chamber 
(24) is provided with a radical su^HPly source (40). 

10. A plasma processing system in accordance witi one of claims 1 to 5, wherein an Ion extraction 
20 electrode (25) is formed with a multiiayer plate comprising a dielectdc (25B) and a metal (250) In a 

double construction vtrhich is provided mth an opening for extracting ion. 

11. A plasma processing system in accordance with one of claims 1 to 5. wherein a neutraiizer (42) for 
neutralizing spaoe charge rs provided. 

26 

12. A plasma processing system in accordance witii one of claims 1 to 5, wherein an apparatus (56) lor 
controHIng the temperature of said obfect to be processed is provided. 

131 A plasma processing system in accordance with one of claims 1 to 5, wherein a processing chamber 
$0 (24A, 24B) is arranged at both sides of the charge exchange chamber (22), 

14b A i^asma processing system in accordance with claim 4, wherein the gas supply part (230B) provided 
at the charge exchange zone (212) is pn^vrded wHh exciting means (232) for exd^ng charge 
excftange 

15. A plasma processing method which uses a plasma processing system comprising an ion source (2ia)» 
8 diarge exchange zone (212) for neutralizing ions extracted from said ion source, and a processing 
chamber (214) for processing an object (S) to be processed with Inddent neutral particles generated 
fomi said ciiarge exchange zone, satd ion source and said charge exchange zone being provided with 
40 gas supply parts (230A. 230B) respectively to allow independent supplying of matenal gas and charge 
exchange gas from said gas simply parts to the ion source and the charge exchange zone, 
wherein gas which has a farger ionization potential than ^ charge exchange gas to be supplied to the 
charge exchange zone, Is used as materia! gas to l>e supplied to the ion source. 

46 
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FIG. 3 
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FIG. 5(A) 
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FIG. 6 



2 



34 



22 



34B- 







s 


V//// 








'///// 






;^ 


'/////, 














^: 


■/////. 















.34 A 



25 



EP0 622 286 A2 



FIG. 7 
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